Benzene, toluene, ethylbenzene, and the xylenes (BTEX) are the major water-soluble constituents of gasoline that may contaminate soils and natural waters, which can be sorbed by organoclays. This study investigates the sorption of toluene and xylene by organoclays produced from Brazilian bentonite (SVC) and from Wyoming bentonite (SSA) with hexadecyltrimethylammonium (HDTMA), as well as by a commercial organoclay (SCo). The organoclays were characterized by X-Ray Diffraction, Differential Thermal Analysis, Thermogravimetry. Isothermal sorption were performed. The efficiencies of the organoclays on removing toluene increased in the order: SVC-HDTMA < SSA-HDTMA < SCo. The xylene sorption by SVC-HDTMA and SSA-HDTMA organoclays was about two times higher than by the SCo. These organoclays may be used as permeable reactive barriers or in ceramic filters for petroleum waste-water treatment systems.
Introduction
Over 418,000 underground storage tanks (UST) releases had been confirmed as of September 30, 2001, in the USA. Steady work has progressed for over a decade and more than 268,000 contaminated sites have been cleaned up. While much good work has been and continues to be done, there are about 150,000 UST sites remaining to be treated [1] . In the Metropolitan Region of São Paulo city in Brazil, there are 43,000 of potentially contaminated sites [2] . There are not any data of other contaminated sites in the rest of Brazil, which are supposed to exist as well. Benzene, toluene, ethylbenzene, and the xylenes (BTEX) are the major water-soluble constituents of gasoline that may contaminate soils and natural waters [1] . Organoclays were prepared from sodium betonite by exchanging quaternary ammonium cations of the form [(CH 3 ) 3 NR] + or [(CH 3 ) 2 NRR'] + , where R is a alkyl hydrocarbon [3] . Organoclays derivatives can be used as sorbents, contaminant barrriers, barriers formed in situ, waste stabilizers, resulting in new techniques for the in-situ remediation of contaminated soils and waters, and for the retention of organic compounds [4, 5] . The environmental applications described above rely on the understanding of the sorption behavior of different organics modified clays. Depending on the type of quaternary ammonium ions used for modification, the clays resulting from the cation exchange reactions have been classified into two categories: 1) organophilic clays, which are produced from monovalent, long-chain alkyl quaternary ammonium ions such as HDTMA, and dioctadecyldimethylammonium (DODMA) ions; and 2) adsorptive clays, which are produced from relatively small quaternary ammonium ions such as tetramethylammonium (TMA) and trimethylphenylammonium (TMPA) ions [6] .
Lee et al. [5] have shown that the characteristics of nonionic organic compounds (NOC) sorption from water by TMA-smectite were completely different from the partition behavior of HDTMAsmectite. Due to their small size, TMA ions exist as discrete entities on the smectitie layers, and therefore do not form partition phases. Rather, TMA-smectite behaves as a surface adsorbent for benzene and substitued benzenes. This is manifested in nonlinear sorption isotherms and strong compettive effects in binary solute mixtures [5] . Jaynes and Vance [7] studied that the curvature of the BTEX mixture isotherm and the enhanced sorption of the mixture were caused by a cosorption effect. This cosorption effect resulted from an effective increase in the organic matter content of the organoclay due to the sorbed BTEX. Clearly this cosorption effect cannot enhance sorption indefinitely; i.e., after some level of sorbed BTEX is attained, further sorption capacity of BTEX compounds will decrease. Sorption of nonionic copounds to organophilic clays is characterized by relatively low solute uptake, isotherm linearity, partition behavior, correspondence between organic carbon normalized sorption coefficients (K oc ) and the octanol water partition coefficients (K ow ), and inverse dependence on water solubility. In contrast, sorption of nonpolar, nonionic compounds to adsorptive clays is characterized by relatively strong solute uptake, isotherm nonlineartiy, shape selectivity, surface adsorption behavior, and progressively lower uptake of larger aromatic molecules [6] . Lo et al. [6] and Gitipour et al. [4] have investigated the sorption of BTEX by commercial organoclays that were produced by the exchange of dicethyldimethylammonium and dimethyldi(hydrogenated) tallow for Na + ions on the mineral surfaces of the bentonite, respectively. The efficiences of the organoclays in removing BTEX compounds increased in the order: benzene < toluene < ethylbenzene < o-xylene, which corresponds to the order of increasing hydrophobicity. In the present study, the capacities of three organoclays to sorptively remove the toluene and xylene mixture from water were evaluated. The goal of this research is to investigate organoclay basal spacing, organic cation size, and to establish isotherms of toluene and xylene mixture on organoclays. The organoclays were characterized by X-Ray Diffraction, Differential Thermal Analysis, Thermogravimetry.
Materials and Methods
The smectite from Wyoming (SSA) was obtained from the Sigma-Aldrich. The smectite clay (SVC) was from the Brazilian State of Paraíba. The hexadecyltrimethylammonium chloride alcoholic solution (HDTMA-Cl) was obtained from Clariant Divison Surfactants. Organoclays prepared from this study included: SVC-HDTMA and SSA-HDTMA. Hydrogenated tallow, was used to prepare the commercial organoclay (SCo). Toluene (Union Brazilian Chemical Ltda.) and xylenes (Vetec) had analytical grade. The SVC sodium exchanged in laboratory were prepared as previously described by Valenzuela Díaz et al. [8, 9] . The HDTMA-Cl was dissolved in distilled water and added to clay suspensions (SSA, SVC) in the amount of 100 meq HDTMA per 100 g of clay. After mixing, the organoclays (SSA-HDTMA, SVC-HDTMA) were separated from water by vacuum filtration and washed twice by distilled water. The organoclays were dried at 60ºC, and mechanically milled to less than 100 mesh. Basal spacings were determined by X-ray diffraction (XRD) analysis. X-ray diffraction patterns were recorded using CuΚα radiation (λ= 1,5416 Å) and a Philips XPERT-MPD X-ray diffractometer, in steps of 0,02º2θ, at 1,0s/step. Simultaneous Thermogravimetric (TG) and Differential Thermal Analysis (DTA) were performed in platinum pans in a TA Instruments model SDT2960 instrument, by using 100 mL / min air flow, from 28 o C to 1000 o C with a 10 o C / min heating rate. Alpha-alumina was used as reference for DTA measurements. The analysis of the HDTMA chloride alcoholic solution used to prepare the organophilic clays, was previously preceeded by an isothermal step at 40 o C in
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Advanced Powder Technology IV the instrument, to volatilize the alcohol. Derivative Thermogravimetry curves (DTG) were obtained by using the data analysis software of the instrument. Batch sorption tests of toluene and xylens in the organoclays were prepared by weighing 0.5 g organoclays samples into 30 mL glass centrifuge tubes and by adding 30 mL of deionized water. Xylene was a mixture that contained p-xylene (37.6%), m-xylene (55.6%), and o-xylene (6.8%). Several concentrations were prepared in the range of 20 to 550 mg L -1 for toluene, and 20 to 150 mg L -1 for xylene mixture. The xylene mixture were used to have a range of concentrations of 7 to 56 mg L -1 for p-xylene, 11 to 85 mg L -1 for m-xylene, and 1 to 10 mg L -1 for o-xylene. To reduce vaporization losses, aluminum foil liners were placed on the tubes and screw caps were tightly sealed. The duplicate blank solutions of toluene and p-xylene, m-xylene, o-xylene and those containing organoclays were shaken for 22 h. After shaking, the solutions were centrifuged at 4000 rpm for 30 min. A 10 mL portion of the supernatant was then transferred into a glass vial. Static headspace analysis was performed using a Shimadzu HSS -4A headspace sampler, by using equilibration time of 25 min and extraction temperature of 70ºC. Shimadzu Model GC -17 A equipped with a flame ionization detection (FID) system was used for the final determinations. The method used was described by Flórez Menéndez et al. [10] . Isotherms were constructed by plotting the amounts sorbed versus the concentrations remaining in solution (C). The amount of solute sorbed by organoclays were calculated from the difference in the concentration before and after the test. Linear regression was used to determine distribution coefficients (K d ) for each isotherm, and lines were forced to pass through the origin, according to equation Eq.1:
where: X = mass of adsorbate removed from solution (mg) M = mass of adsorbent (g) K d = distribution coefficient [(mg/g) / (mg/L)] C = solution equilibrium concentration (mg/L)
Results and Discussion

X-Ray Diffraction Analysis
The Table 1 shows the interlayer spacings of organoclays and natural clays. All the organoclays and natural clays were previously dried at 60ºC. The properties of organoclays were investigated by X-ray diffraction analysis basal. The basal spacings of the original clays were approximately 13 Å. The SVC-HDTMA and SSA-HDTMA presented an interlayer spacing increase when compared to the corresponding natural bentonite. The basal spacing of the SVC-HDTMA (20.6 Å) was larger than SSA-HDTMA (18.4 Å).
In contrast to TMA-and TMPA-smectite, HDTMA-smectites give much larger basal spacings, between 18 and 23 Å, depending on the layer charge of the mineral. These spacings for HDTMA-smectites correspond to the formation of bilayers and parafin complexes in which HDTMA ions are in diret contact to each other, leading to the formation of partition phases derived from the C 16 hydrocarbon groups [3] . The basal spacing of the SCo (26.3 Å) was larger than that of others organoclays, consistent with the molecular weight of the organic cation, and probably to its specific volume.
Differential Thermal Analysis and Thermogravimetry. Figure 1 shows the TG, DTG and DTA curves of a sample of HDTMA chloride solution. As it can be observed from the TG curve, most of the alcohol is removed during the isothermal step at 40 o C, which is completed at 150 o C. The HDTMA chloride begins to volatilize by 200 o C, showing a high mass loss rate after 240 o C. This is characterized by a sharp DTG peak at 250 o C, with a corresponding endothermal DTA peak. The non released chloride (about 12% of its content in the original solution) is decomposed and burned out afterwards. Figure 2 shows the TG, DTG and DTA curves of the SVC and SSA organoclays, named as Vc10049.000 and Wy100427.000, which were dried previously at 60 o C in a laboratory oven. The former presents 4% of adsorbed water and the latter, 2%. From TG and DTG curves it can be seen that the onset temperatures of the organic cation release from the organoclay structure are very close, respectively 225ºC and 218 o C. Actually, as seen in Figure 2 , the combustion of organics begin at 250ºC-270 o C, and SVC HDTMA organoclay presents its maximum exothermal combustion DTA peak at a lower temperature than SSA-HDTMA does, probably because of its higher basal spacing. 
Advanced Powder Technology IV
The dehydroxilation of SVC organoclay occurs between 400ºC and 550 o C and that of the SSA one occurs between 500ºC and 650 o C, which is the usual temperature range of Wyomingbentonite dehydroxilation. After this step, in both cases, the residual carbonaceous materialburns out. Figure 3 shows the TG, DTG and DTA curves of the commercial organoclay (SCo), which behaviour is similar to that of SSA organoclay, confirming that volatilization or the organic radicals happens prior to the combustion. It is important to note that maximum burning peak occurs at a higher temperature than that of SSA-HDTMA organoclay, which can be due to different organic radicals [12] . Sorption isotherms Figure 4 shows isotherms for the uptake of toluene, and xylene mixture [(p-xylene (37.6%), mxylene (55.6%), and o-xylene (6.8%)] by organoclays. The organoclay isotherm data fit the linear isotherm model, where K d (Fig. 4) is the distribution coefficient and represents the slope of the sorption isotherm. This result is also consistent with previous observations, and indicates that sorption is caused by TX partition between water and the organic-matter phase formed by the conglomeration of the alkyl chains of the organic cations [11] . The sorption isotherms of toluene by SCo, SVC-HDTMA, and SSA-HDTMA, as shown in Figure  4 , illustrates the effect of organic-cation size on toluene sorption by organoclays. The organoclay SCo, that has the largest organic-cation, is the better toluene sorbent. Generally, the organoclays that contain more organic matter are more effective BTEX sorbents. However, more organic matter does not always lead to greater sorption [11] . The effect of using an organic cation containing a hydrogenated tallow on toluene and xylene sorption is shown in Figure  4 . The xylene sorption by the SVC-HDTMA and the SSA-HDTMA is about two times greater than by the SCo. The partitioning of organic compounds on and into organoclays involves conformational changes in the straight-chain alkyl groups. Similarly, the solvation of sorbate molecules in a solvent involve reorientation of the solvent molecules around the sorbate molecules [11] .
Conclusions
Thermogravimetry and Differential Thermal Analysis may be used for the characterization of organoclays, which show a decomposition and combustion behavior that is dependent on the basal spacing on the structural characteristics of the original clays, and the type of organic radical which is linked in the interlayer space of the clay. Toluene and xylenes are effectively sorbed by organoclays. The sorptivities of the organoclays are generally proportional to the organic C contents; although SVC-HDTMA and SSA-HDTMA, with less C, has twice the xylenes sorptivity of SCo. A straight chain alkyl cation confers greater TX sorption to an organoclay. This suggests that rearregements in the alkyl groups may facilite sorption in a manner analogous to solvation. Organoclay TX sorptivity is governed by the type of the akylammonium complex. Organoclays of similar basal spacing prepared used different clays and the same akylammonium cations has equivalent sorptivite phases, like SVC-HDTMA and SSA-HDTMA.
The efficiencies of the organoclays on removing toluene increased in the order: SVC-HDTMA < SSA-HDTMA < SCo. The xylene sorption by SVC-HDTMA and SSA-HDTMA organoclays was about two times higher than by the SCo. These organoclays may be used as permeable reactive barriers or in ceramic filters for petroleum waste-water treatment systems.
